I berg ef al. (I) that the volume of distribution of creatinine in the dog was of the order of 40-60% of the body weight (average 48.5 % ; range 37.9-59.7 %). This estimate was made by dividing the equilibrium concentration of exogenous creatinine in the plasma at the end of a constant infusion into the exogenous creatinine balance in the body fluids. The latter was estimated by determining creatinine excretion after discontinuing the infusion and subtracting the 'dead space' creatinine and basal creatinine excretion. The crea tinine space obtained was considerably lower than that previously reported for the volume of distribution of creatinine in the dog by Dominguez, Goldblatt and Pomerene (2) . These authors, studying the disappearance curve of creatinine after single intravenous injection estimated the volume of distribution of creatinine to be 76% of the body weight, a value which they recognized to be greater than the body water.
In their analysis of the disappearance curve of creatinine, Dominguez et ~2. originally made the basic assumption that with the passage of time creatinine became homogeneously distributed throughout its entire volume of distribution; that is to say, that the 'tissue' creatinine concentration became identical with the 'plasma' concentration after sufficient time had elapsed. That this assumption is invalid for two compartment systems with excretory and intercompartmen tal clearances can be demonstrated readily with physical models. It has also been shown (3) that after single intravenous injections of inulin in dogs Received and men true equilibrium between the plasma and extracellular fluid is never attained, equal plasma and extracellular fluid concentrations, existing at one moment and one moment only. Although the volumes of inulin distribution are not identical with those for creatinine, the kinetic situations with respect to the two substances are precisely analogous. In a later analysis Dominguez et QZ. (4) corrected their earlier assumption, and derived new equations for the determination of the creatinine space, which gave values somewhat lower than those they had previously obtained.
In the present studies we have attempted to determine the volume of distribution of creatinine in the dog by analysis of the plasma disappearance curve of this substance after a single intravenous injection. The analysis was based on the assumption that creatinine was distributed between two compartments and moved between the first and second in proportion to the concentration difference between them, while being excreted from the first in proportion to detailed consi its concentration there. A more .deration of the assumptions will be presented in the discussion. The results indicate that these assumptions are usefully valid, and that sufficient information is contained in the disappearance curve to permit estimation of the volumes of the two creatinine compartments, the bladder clearance of creatinine and the intercompartmental clearance.
METHODS
Ten dogs were used in these experiments.
The (4) V2 is the second volume of distribution of creatinine. The sum of VI and l5 is, of course, the total volume of creatinine distribution.
RESULTS
The results in the ten dogs studied are given in table I. Figure I shows the results of a typical experiment.
The volume of distribution of mannitol shows a very constant relationship to the body weight, the average value being 20.3 % with a standard deviation of 2.2 %. As we have noted, the mannitol disappearance curve is treated as if it were a single exponential, the initial mixing being neglected. We have done this because mixing with mannitol was complete within IO minutes in all the animals used in this study, and the use of the more complicated formulas developed for the two compartment system gives essentially the same results as the simple calculation based on the single exponential decay curve. We have shown elsewhere that a positive error of about 4% is introduced in the mannitol space determination by this method of calculation.
The initial volume of creatinine distribution showed a correspondence with the volume of mannitol distribution which was only fair in individual comparisons. The average values, however, were in quite good agreement, the VI, for mannitol being about 9% greater than that for creatinine. When allowance is made for the fact that the mannitol estimate of the extracellular fluid is 4% high, the VI for creatinine appears to be nearly identical with the extracellular fluid volume.
With three exceptions (dogs I, .5, and 6) the value of G calculated from the creatinine disappearance curve is in excellent agreement with that obtained from the mannitol disappearance curve. In the case of dog I, the creatinine disappearance curve could not be resolved into a double exponential function, and a number of early points were omitted from the 'fit.' The data on this dog, which was the only one of this series of this type, were not included in the averages. In dogs 5 and 6, although it tias possible to make a double exponential fit to a smooth curve drawn through the experimental data, the scatter of the values was sufficiently great to impair our confidence in the validity of the construction. In the remaining seven dogs, the fitting of the double exponential was accomplished with no difficulty, and the deviation of the experimental points from the smooth curve drawn through them was negligibly small. The value for a varied from 105-359 ml/min. and did not appear to be related to the other quantities measured, or to the body weight.
V2 varied from 2.48-4.06 l/dog, and bore no obvious relationship to any of the other quantities measured or body weight. The small value for t/i in dog 1 is, as has been noted, probably in error.
The ratio of VI + Vz to the body weight, i.e., relation between creatinine space and the body weight varied from x+1-45.3%. The average of 36.8% had a standard deviation of 5-7 %. 
DISCUSSION
The formulas derived in the appendix and employed above indicate the manner in which t-he volumes of distribution of creatinine and its excretory and intercompartmental clearances may be calculated from the coefficients A and B and the exponents ~1, and 72, which describe the disappearance curve of creatinine from the plasma. Self-evidently, the validity of these formulas depends on the extent to which the model employed in their derivation resembles the physiological reality in the body. It will be advantageous at this time to consider the assumptions made in setting up the mathematical model and the criteria upon which the adequacy of the model is judged.
The assumptions made are the following: a) it is assumed that upon its introduction into the blood stream creatinine is homogeneously mixed through a uniform compartment. It is assumed further that mixing through this compartment is extremely rapid in relation to removal from this compartment. The boundary of this compartment may be identified as the limit of that volume where further increases in volume occur at a rate significantly reduced in comparison with the filling of that volume.
b) It is assumed that the compartments penetrated by creatinine are arranged in series rather than in parallel. That is to say, that penetration of the second compartment can occur only by way of the first. This is an important and perhaps invalid assumption; its implication is that the entire first volume of c) It is assumed that creatinine leaves its first volume of distribution for the bladder at a rate which is proportional to its concentration in that volume of distribution; it is further assumed that creatinine leaves this volume for its second volume of distribution at a rate proportional to the difference in its concentrations between the first and second volumes of distribution. It is assumed also that creatinine is homogeneously distributed in its second volume of distribution.
d) It is assumed that exogenous creatinine is not metabolized to any significant extent.
e) It is assumed that throughout the period of observation the bladder and intracompartmental clearances of creatinine are stable.
The criteria employed to validate these assumptions are two: first, that the creatinine disappearance curve must be resolvable into a double exponential process (as would be expected from a system which conformed to the above assumptions); second that the quantities predicted by formulas based on these assumptions must be in agreement with the same quantities measured by other methods.
So far as the first criterion is concerned, an unmistakeable double exponential fit was obtained in 7 of IO experiments, all the experimental data being included by such a fit within the limits of analytical accuracy; in two experiments the experimental data were scattered on either side of the fit, but no consistent deviation from the fit was noted; in one experiment, no double exponential fit could be made to include the data. Although no explanation is at hand for the failure of the fit in this experiment, we believe that the fact that in g of zo experiments creatinine disappearance corresponded to a double exponential process is strong evidence in favor of the assumptions on which such a process is predicted.
The criterion that the measurable quantities predicted from the equations based on the assumptions must agree with the same quantities based on other methods is unfortunately limited in application to the quantities G and V1. Neither intercompartmental clearance nor V2 can be measured by any other technique which we know. The sum of VI and V2 (total creatinine space) could presumably be measured by the technique of Greenberg et al.; we will, however, present arguments below to indicate that this method may not be valid.
We have already noted that the agreement between the two values of G was remarkably good. In 7 of the IO experiments, the two values differed from each other by less than IO%.
In the other three experiments (expers. 1, 5, 6) the construction of double exponential fits was impossible (dog I) or uncertain (dogs 5 and 6).
The correspondence between the initial volume of distribution of creatinine and mannitol space was poor in any one dog, the value Vl/Vmannitoi ranging from .67-1.53.
Yet the averages of these values were in very good agreement with each other, the initial creatinine space being only 9 % less than the mannitol space which, as we have pointed out, is about 4% higher than it would be if the correction for mannitol mixing were considered.
The As we have noted previously, we believe that the very high creatinine spaces reported by Dominguez et al. in their original study (2) can be attributed to their erroneous assumption that the concentrations of creatinine in its two volumes of distribution approach each other with time. Even when these authors revised their assumptions (4), the calculated spaces were higher than those which we have found. We have recalculated the total creatinine space from their data and we have found the same values as they. We believe that the discrepancy between our findings and theirs results from the fact that we have more completely characterized the earlier portion of the disappearance curve, which permits in effect a more accurate estimation of the 'mixing' losses. It may be noted that Dominguez et al. reported a 'VI of 28% of the body weight in contrast with our 17.7%, a finding which suggests that losses in the mixing period unrecognized in their curve fitting may have occurred.
The difference between our value for the total creatinine space and that obtained by Greenberg et al. is somewhat more difficult to explain. We believe, however, that these authors may have overlooked a significant source of error in estimating the creatinine contained in the renal dead space. They multiplied the 'appearance time' of creatinine by the rate of urinary elimination of creatinine at the time of discontinuing the infusion to obtain the dead space creatinine. Since the appearance time was estimated at 100 seconds this, in effect, states that the volume of the dead space is no more than one and two-thirds times the minute volume at all rates of urine flow encountered in their experiments. In other words, at urine flows of I .5 ml/min., the dead space calculated in this manner would appear to be only 2.5 ml. This value appears to us to be improbably small; Smith states that the pelvis of each dog kidney contains a &ml dead space. It is interesting to note that if the total dead space of both kidneys in a large dog is 20 ml and the urine flow 1.5 ml/min. while the U/P ratio for creatinine is 50-1, then the creatinine content of the dead space is equivalent to 1 liter of plasma. The 'appearance time' calculation would indicate that the dead space was equivalent to only 125 ml plasma. Clearly, large errors can be introduced by the use of the 'appearance time' correction for the amount of a substance contained in the dead space, especially when U/P ratios are high and V is low. These errors would tend to increase the apparent space, and may account in part for the discrepancy between our results and those of Greenberg et al. At the present time, the validity of our formulation rest on the similarity between the values of G and VI obtained with creatinine and mannitol, and on the double exponential character of the creatinine disappearance curve. Further validation awaits the development of a satisfactory alternate method for determination of the total creatinine space.
The value for total creatinine space which we have obtained is in close agreement with the thiocyanate space of normal dogs reported by Gaudino and Levitt (8) who found the thiocyanate space to compose 33.8% of the body weight. In our experience similar values for thiocyanate space have been obtained in normal dogs. Whether the similarity of the volumes of thiocyanate and creatinine indicates the existence of a true compartment presumably including the extracellular and a restricted portion of the intracellular fluid, or is an accidental circumstance cannot be determined at the present time.
We presume that the intercompartmental clearance a is related to the permeability of the barrier between VI and Vs. Since VI appears to correspond to the extracellular fluid, it seems probable that a is related to the permeability of the cell surface. Its significance in changing physiological circumstances, however, remains to be assessed.
SUMMARY
Equations have been derived for the analysis of the disappearance curve of an injected material from a two compartment system, one compartment of which eliminates the injected material to the outside at a rate proportional to its existing concentration and transfers it to the second compartment at a rate proportional to the existing concentration difference between the first and second compartments.
The disappearance curves predicted from these equations are double exponential curves. Formulas are given for converting the intercepts and slopes of such double exponential curves into values for the excretory and intercompartmental clearances and the first and second volumes of distribution.
The amount injected, I, can be expressed as the sum of the amounts in 1/'1 and I/T2 and the amount excreted at time t (LJ.
Lt is the product of the excretory clearance and the integrated concentration of the substance in VI or
The disappearance curve of creatinine corresponded to a double exponential process in g of IO experiments in dogs. The creatinine clearance calculated from the creatinine disappearance curve was in good agreement with the mannitol clearance simultaneously determined. The volume of rapid distribution of creatinine corresponded roughly to the mannitol space (extracellular fluid) but may not always yield a valid measure of a true anatomical space. The intercompartmental clearance ranged from ml/min. The total volume of creatinine distribution was 36.8% of the body weight, a figure considerably smaller than any previously reported. The reasons for 
